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Natural populations of Flagellaria guineensis (Fiagellariaceae) from the Eastern Cape (South Africa) are subject to 
different rates of exploitation, as the stems are used for making baskets. The population genetic structure was 
determined by obtaining, compiling and analyzing isozyme electrophoretic data. Seven populations showed no 
remarkable difference between heavy and light exploitation. The coefficient of gene differentiation indicated that the 
among population component of genetic diversity represents 58% of the total population component. This indicated 
restricted gene flow, possibly resulting from a high rate of asexual reproduction. 
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Introduction 
In recent years, protection of genetic diversity within species has 
been the focus of genetic diversity and conservation studies (Bar-
rett & Kohn 1991 ). Gene flow has been considered one of the 
beneficial factors by conservation biologists because it prevents 
loss of genetic variation from populations (Eilstrand & Elam 
1993). 
One major contributing factor to the Joss of genetic variation is 
small population size. Small population size can result from eco-
logical causes such as low carrying capacity of the site or habitat 
fragmentation that results in few available sites separated by dis-
tances beyond the normal dispersal ability of a species. Environ-
mental catastrophes, including fires, droughts and floods, can 
also result in small population size (Barrett & Kohn 1991 ). 
Reduction in population size can initiate the process of random 
genetic drift, which involves a restricted sample of genes present 
in the parental population surviving into the next generation 
(Franker et a/. 1995). Exploitation can also contribute to the 
decrease of population size and of genetic diversity of a species. 
Exploitation represents the utilisation of a resource and can result 
in the reduction of the resource through reduction in population 
size. This may lead to a fragmented species with small isolated 
subpopulations resulting in increasing genetic risk (Thomas & 
Bond 1997). With expanding human populations, the loss of 
biodiversity is increasingly high and valuable genetic resources 
are being lost at an unrecovable rate (Clegg 1993). 
The maintenance and development of genetic structure in 
plant populations is affected by many factors, such as modes of 
pollen transfer, seed dispersal and dormancy, breeding systems, 
propensity for clonal propagation and population size (Moran & 
Hopper 1983; Cole & Biesboer 1992; Moran et a/. 1989). Spe-
cies with restricted gene flow show greater differentiation 
between populations than species with more potential for gene 
flow. For example, wind pollinated species are characterised by 
having high genetic diversity within populations and low differ-
entiation among populations (Hamrick et a/. 1991 ). The same 
applies to modes of seed dispersal. Species with animal dis-
persed seeds are characterised by having high genetic diversity 
within populations and low diversity among populations, 
whereas species with passively dispersed seeds show the oppo-
site. Clonal propagation produces offspring that are genetically 
identical to each other and to the maternal plant as opposed to 
sexual reproduction which allows for the recombination of genes 
and production of offspring that are genetically different both 
from each other and to the maternal plant (EIIstrand & Roose 
1987). 
Flagellar/a guineensis Shumach. (Figure I), of the family 
Flagellariaceae, is a bamboo-like climber that is used for making 
baskets. The distribution of the species is in the tropical and sub-
tropical regions in forests all over sub-Saharan Africa (Cawe & 
Ntloko 1997). The leaves have long tendril-like tips and tightly 
sheathing leaf bases (Figure 1 ). The stem with solid internodes is 
suitable for making baskets and is terminated by a particulate 
inflorescence with bisexual flowers. Reproduction is both asex-
ual and sexual; the plants have rhizomes and new shoots are pro-
duced from the rhizomes, forming clumps. The red fruits that are 
produced are likely to be dispersed by birds. Pollination is likely 
to be carried out by wind, stemming from the fact that morpho-
logical and anatomical features of the flower indicate wind polli-
nation (Heywood 1978) (i.e., reduced perianth, large anthers and 
a broad style with three hairy stigmatic surfaces). 
In the Transkei region of the Eastern Cape, South Africa 
(Figure 2), F. guineensis is harvested for baskets in the Port St 
Johns and Lusikisiki districts. Soft, green and fleshy immature 
shoots are preferred to hard, black and mature shoots. An 
increased demand for baskets has led to greater rates of harvest. 
F gu/neensis has been harvested from 51% (out of 178) and 36% 
(out of92) offorests in the Port St Johns and Lusikisiki, districts 
respectively (Ntloko & Cawe 1994, [unpublished data]). 
The aim of this study was to compare genetic structure of 
heavily and lightly exploited populations of F. guineensis, based 
on the expectation that high rates of exploitation should decrease 
genetic variation. The key questions were: 
1) How much genetic variation was there within and between 
populations? 
2) Was there a difference in the genetic diversity between heavily 
and lightly exploited populations? 
The following predictions about the genetic population structure 
of F. guineensis were made. Firstly, populations of F. guineensis 
should, on average, maintain lower levels of genetic variabi lity 
than other plant species because of their abi lity to reproduce veg-
etatively as well as sexually. Secondly, lightly exploited popula-
tions should have higher levels of genetic variability than more 
heavily exploited populations, because exploitation reduces pop-
ulation size. Thirdly, bird dispersed seed and wind pollination 
should impart little difference among populations. 
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Figure J Flagellarw guineensis with paniculat<: intlorescence. 
Materials and Methods 
Sampling - The distribution pattern of forests on the east coast of 
South Africa is such that small patches of forests are separated by 
grasslands (Acocks 1988: Feeley 1986). The forest patches were 
treated as F. guineensis populations and the names of forests were 
used to refer to them. Leaves from populations of F. guineensis 
were collected from Ntlopeni, Mlolweni, Silaka and Xolweni forests 
in the Port St Johns district and Ntsubane, Mbotyi and Egoso fores ts 
in the Lusikisiki district (Figure 2). Three populations from Port St 
Johns and one from Lusikisiki were heavily exploited. The other 
populations were lightly exploited (Ntloko & Cawe 1994, (unpub-
lished data)). All populations were found in moist coastal forests. 
To avoid r<:sampling of the same clones, the main tracks or roads 
through the forest were used as transects, with the plant material col-
lected from 25 separate clumps. Leaves from individual plants were 
put into small plastic hags. brought to the laboratory on ice, and then 
frozen at -72°C. 
Sample preparation - Tissue samples were cut into small pieces 
and homogenized in an extraction buffer 1.0 M Tris-HCI (pH 8.0), I 
mg/ml dithiothreitol (OTf), 10% (w/v) Sucrose, 0.33 mg/ml ethyl-
enediamine tetra-ac id disodium salt (EDTA), 0.75 mg/ml potassium 
chloride (KCI). 2 mg/ml magnesium chloride (MgCI2), 30 mg/ml 
polyvinylpyrrolidone (PVP 40) and n pinch of bromophenol blue. 
One part leaves (I g) was then homogenized in two parts buffer (2 
ml) using a mortar and pestle. 
Electrophoresis - A number of different buffer systems were used 
in trial polyacrylamide gel electrophoretic runs to determine which 
systems gave the best resolution for enzyme loci in all individuals. 
Tris-boratc (0.5 M tris. 0.2 M boric acid) and histidine-MOPS (0.25 
M histidine. 0.3 M MOPS) buffer systems, pH 8.7 and 6.6 respec-
S. Afr. J. Bot. 1997. 63(5) 
lively, were selected (McLellan 1982). Buffers were diluted I :9 for 
both electrode and gel buffers. The histidine-MOPS buffer was used 
for samples stained for phosphoglucoisomerase and phosphogluco-
mutase activities. A total of seven enzymes revealing nine loci were 
analysed. 
Enzymes were stained and scored using protocols and techniqm:s 
outlined in Wendel and Weeden ( 19f!9). lsozymes were numbered 
sequentially with the most anodally migrating isozyme designated I. 
Presumed alleles at individual isozyme loci were assigned letter 
identities with allele a being the most anodally migrating allele. Loci 
with null alleles were designated N for no activity, aN for half activ-
ity, and aa for full activity. 
Analysis - Allelic frequencies were determined for each population. 
Analysis was done with four polymorphic loci in some genetic 
measures and all five in others. A Chi-square test with two degrees 
of freedom was performed to determine within locus deviations from 
Hardy-Weinberg equi librium. Genetic distances were calculated 
from the index of genetic similarities (Ned 1978). From the genetic 
distance matrix, a dendrogram was constructed by hierarchical clus-
ter analysis UPGMA (unweighted pair group method using arithme-
tic averages) using the statistical program Systat version 5. 
A plot of the geographic distances and Nei's genetic distances was 
drawn as a measure of the relationship between distances between 
populations and levels of genetic differentiation. 
Results 
Isozyme analysis - Here data are reported for five polymorphic 
enzyme loci: glucose-6-phosphate dehydrogenase (G6pdh-1 ), 
esterase- ! and -2 (Est-! and Est-2 ), phosphoglucoisomerase-1 
(Pgi-1) and glutamic acid dehydrogenase-! (Gldh-1). Other 
enzyme loci, glucose-6-phosphate dehydrogenase-2 (G6pdh-2), 
phosphoglucomutase- I (Pgm- 1 ), peroxidase-! (Per-l ) and super-
oxide dismutase-1 (Sod-!) were examined and found to be mono-
morphic. Imperfect resol ution of the enzyme bands in some 
cases limited the number of loci that could be interpreted for 
some samples. 
Genetic variation - Table I summarises genetic variation in 
each population based on: the mean number of alleles per locus 
(A), the average percentage of polymorphic loci for populations 
(P), the expected heterozygosity (H0 ), observed heterozygosity 
(H0) and the proportion of between-population to total heterozy-
gosity ( Gsr ), 
Within each of the seven populations only four or fewer loci 
were polymorphic. The H. values for individual populations var-
ied considerably, particularly in the heavily exploited popula-
tions, but the means for heavi ly and lightly exploited populations 
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Figure 2 Map indicating collection sites. Triangles represent 
heavily exploited forests and solid circles lightly exploited forests. 
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Table 1 Measures of genetic variation based on 8 loci in seven 
populations of F. guineensis 
Population A• pb He Ho Gsr 
Heavily exploi ted populations 
Ntlopeni 1.56 0.556 0.0844 0.0440 0.229 
Xolweni 1.44 0.444 0.0918 0.03 13 0.452 
Ego so 1.33 0.444 0.0238 0.0222 0.611 
Mlolweni 1.11 0.222 >0 >0 >0 
lightly exploited populations 
Si laka 1.44 0.444 0.0810 0.0188 0.67 1 
Mbotyi 1.22 0.333 0.0198 0.0214 0.625 
Ntsubane 1.22 0.333 0.0257 0.0286 0.499 
mean 1.33 0.397 0.0466 0.0238 0.441 
NOTE: •Parameter was calculated out of9 loci. 
bParameter was calculated out of 7 loci for the unscored populations at the Pgi locus. 
>0 allowance for unscored populations at the Pgi locus. 
were not very different (0.050 and 0.042 respectively). The 
results from the Chi-square test to determine within locus devia-
tions from Hardy-Weinberg expectations showed a significant 
deviation between observed and expected heterozygosities in 
Xolweni and Silaka. The amount of population differentiation 
(total heterozygosity Hr) was 0.057. The proportion of between-
population to total heterozygosity (Gsr) was 0.58. This indicated 
that 58% of the genetic diversity was attributable to genetic dif-
ference among populations and the remaining was found within 
populations. 
Cluster analysis - The genetic similari ty and evolutionary rela-
tionship of populations can be estimated from their genetic dis-
tances {D) (Table 2). The geographically close populations were 
generally similar, as illustrated by the dendrogram (Figure 3) 
constructed on the basis of the genetic distance matrix. Geneti-
cally, the Ntlopeni population was clearly the most distinct of the 
populations. The dendrogram also illustrates the greater genetic 
separation among populations in the Port St Johns region than 
among those near Lusikisiki. Plants from Mlolweni in Port St 
Johns appeared to have closer genetic affinity with populations 
near Lusikisiki than to others in Port St Johns. 
Figure 4 is a plot of the geographic distance and the genetic 
distance. No clear pattern of relationship was shown, especially 
in those populations with low genetic distances. 
Discussion 
It has been predicted that populations of F. guineensis should 
display relatively low levels of within population genetic varia-
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Figure 3 Dendrogram showing genetic similarity of populations, 
based on genetic distance matrix. 
tion because of their potential to spread vegetatively, which 
seems to be more frequent than sexual reproduction (Cawe, pers. 
com.). The F. guineensis populations were polymorphic at only 
39.7% of all loci examined while the individual heterozygosity 
was 2.38%. The average number of alleles per locus was found 
to be 1.33 over all populations. Hamrick et a!. (1979) summa-
rised the results from electrophoretic surveys of 113 plant taxa 
and found average values for the proportion of polymorphic loci, 
heterozygosities and number of alleles per locus of 36.8%, 
15.6%, and 1.69 respectively. The average value for the propor-
tion of polymorphic loci for F. guineensis is about the same as 
reported by Hamrick el at. ( 1979). The average values for hetero-
zygosity and number of alleles per locus were substantially lower 
than those reported for plants in general. These results support 
the prediction of low variation because of asexual reproduction. 
The second prediction was that within population variability 
would also be an inverse function of the rate of exploitation, with 
less exploited populations exhibiting higher levels of genetic 
diversity than heavily exploited populations. The results of the 
study showed no remarkable difference in the genetic diversity 
between populations with different rates of exploi!ation. lt 
appears instead that the heavily exploited populations were more 
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Figure 4 A plot of geographic distance and genetic distance for 
the 7 populations of F. guineensis. 
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Table 2 Estimates of genetic distance (D) among the 7 populations of F. guineensis 
Mhotyi 
Ntsubane 
Xolwcni 
Mlolweni 
Egnsu 
Silaka 
N!lopeni 
Mhotyi Ntsubane Xolweni 
0.00006 0.01240 
0.01274 
diverse than the lightly exploited populations. Probably, one pos-
sible explanation cou ld be that the removal of immature shoots 
causes the physiological state of the plant to favour development 
of non-selected mature shoots to reach maturity, thereby enhanc-
ing mixing of genomes through sexual reproduction. A different 
physiological state in less exploited populations may favour 
asexual reproduction more than sexual reproduction, though the 
plant may flower and produce seeds vigorously. The fact that 
Silaka, where there are no records of any exploitation in its entire 
history, has the lowest level of within population variability 
(Table I) supports this argument. The second explanation is that 
the harvesting method employed does not kill the plants. Stems 
are cut at waist height and resprout, and therefore the population 
size and the genetic structure are not much affected by current 
exploitation. However, this may have an effect in the future as 
the power of the plants to mature and flower will eventually be 
reduced, thereby reducing gene flow through pollen transfer and 
seed production. This will lead to asexual reproduction being the 
only means by which the species will propagate. 
The other major feature of this study was the distribution of 
the genetic diversity between the populations. Within population 
genetic diversity was low, but generally populations were mark-
edly different from one another (Gsr =58%). This value is high 
compared to other species that share the same suite of traits: 
monocots, long-lived perennials, tropical plants with sexual and 
asexual reproduction, and outcrossing plants with seeds dis-
persed by ingestion (Murawski & Hamrick 1990). Though the 
populations are markedly different from one another, some geo-
graphically close populations are genetically very similar. The 
dispersal mechanism of the species can be used as an explanation 
for this. The distance between the populations may be assumed 
to lie within the dispersal range of the dispersal agent (assumed 
to be birds). In contrast, the geographically distant populations 
are genetically very different (Figure 3), although the geographic 
distance in general appears to have little influence in populations 
with low genetic variation (Figure 4). This is therefore contrary 
to the third prediction. The extensive population genetic differ-
entiation of the Port St Johns Flagellaria populations shown by 
the dendrogram and the diversity measures might indicate that 
the other F. guineensis populations originated from there. 
The unexpected diversity in populations of a clonal species 
may well be explained by more frequent occurrence of sexual 
reproduction (Price & Waser 1982; Lynch 1984). Its influence 
on genetic diversity may therefore be greater than is generally 
assumed. 
The increasing demand for baskets appears to have had no 
effect so far on genetic diversity of F. guineensis. It is possible 
that selective depletion of races with particular desirable features 
may be occurring, and thus influencing genetic population struc-
ture. We cannot, however, determine from this study whether 
Flagellaria is in fact a sustainable resource at current rates of 
harvesting. 
Mlolweni Egoso Silaka N!lopcni 
0.000410 0.00223 0.00469 0.01601 
0.000767 0.00038 0.00505 0. 16010 
0.011970 0.01138 0.00266 0.05750 
0.00035 0.00429 0. 16100 
0.00450 0.15980 
0.09470 
Conclusion 
The results should be interpreted with caution because inadvert-
ent resampling of clones has occurred in two populations (i.e 
Xolweni and Silaka) and may have biased estimates of allele fre-
quencies. Although the current harvesting intensities appear to 
have had no effect on the popu lation genetic structure, the 
genetic diversity of F. guineensis is lower than the reported aver-
age genetic diversity for other plant species and needs to be mon-
itored in future. 
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